The essential oils from fresh aerial parts of Mentha spicata L. collected from ten different natural habitats of Uttarakhand, India were analyzed by a combination of GC, GC/MS and NMR spectroscopy. The analysis revealed that monoterpenoids (46.1%-91.6%), mainly carvone (15.3%-68.5%), piperetenone oxide (24.0%-79.2%) and α-humulene (0.1%-29.9%), were the major constituents of the essential oils, but with significant qualitative and quantitative differences among the other constituents. Cluster analysis of the oil composition was carried out in order to discern the differences and similarities within different accessions collected from different natural habitats. The essential oils were also screened for their antioxidant activities by chelating properties of Fe 2+ , DPPH radical-scavenging activity, and their reducing power. The essential oils of two chemo variants (viz. carvone and piperetenone oxide types) were also tested for potato (Solanum tuberosum L.) sprout suppressant activity. The results showed that these oils exhibit good sprout inhibition activity in comparison to CIPC and iodine, the standard sprout suppressant.
Mentha is a genus of aromatic perennial herbs belonging to the family Lamiaceae, distributed mostly in the temperate and sub-temperate regions of the world. A large number of Mentha species differ widely in their characteristics and polyploidy level. M. arvensis (Japanese mint), M. piperita (peppermint), M. citrata (bergamot mint) and M. spicata (spearmint) are main species of the genus cultivated in temperate, Mediterranean and subtropical regions of the world for volatile oil production [1] [2] [3] [4] [5] . Mentha essential oils are complex mixtures of monoterpenoids (for example, menthol, menthone, menthyl acetate, isomenthone, menthofuran, piperitone, piperitenone oxide, carvone and linalool), which are widely used in the food, flavor, cosmetic and pharmaceutical industries [6] [7] [8] [9] [10] [11] [12] [13] . Spearmint (M. spicata L.) is commonly known as domestic mint or pudina. It is also sometimes known as carvonescented mint, being rich in carvone and other monoterpenoids. Besides being used as an antispasmodic, carminative, diuretic, restorative, stimulant, stomachic, astringent, antiseptic, antiemetic, and antimicrobial, the aerial parts of spearmint are taken internally as a tea, and traditionally used in treatment of fevers, headaches, digestive disorders and various minor ailments. The essential oil of the aerial parts is antiseptic, though it is considered toxic in large doses [14] [15] [16] [17] [18] [19] [20] [21] . As part of our continuing research program on phytochemical analysis and biological activity of plants of the family Lamiaceae from western Himalaya, we now report the chemical variation; antioxidant and potato sprout inhibition activity of essential oils of M. spicata accessions collected from ten different locations of Uttarakhand (India).
The essential oil composition of aerial parts of M. spicata collected from different locations of Uttarakhand, India [Khatima (I), Rishikesh (II), Almora (III), Tanakpur (IV), Kashipur (V), Nainital (VI), Champawat (VII), Pithoragarh (VIII), Haldwani (IX) and Harinagar (X)] were analyzed and compared by a combination of capillary GC and GC-MS. The analysis led to the identification of 48 constituents contributing 96.1% to 99.4% of the total oils. The identified constituents and their quantitative make-up are recorded in Table 1 . The analysis revealed that oxygenated monoterpenoids (72.5%-86.4%) were the major constituents in all the oils except for the Almora (III) accession, which was dominated by sesquiterpene hydrocarbons (45.5%), followed by oxygenated monoterpenes (43.5%). The essential oils of plants from sites (I)-(V) were dominated by piperetenone oxide.The contents were 49.4% in the collection from Khatima (I), 63.0% in Rishikesh (II), 24.4% in Almora (III), 79.2% in Tanakpur (IV) and 60.6% in Kashipur (V), respectively. The essential oils of plants collected from sites (VI)-(IX) were dominated by carvone (67.2%, 68.5%, 66.4%, 64.0% and 66.8% of oils, respectively). The essential oil of M. spicata collected from Khatima (I) was characterized by piperetenone oxide (49.4%), carvone (15.3%), 1,8-cineole (5.8%) and limonene (2.7%). The accession from Rishikesh (II) contained piperetenone oxide (63.0%), carvone (15.7%), terpin-4-ol (4.3%), and germacrene D (3.2%), whereas that from Almora (III) showed altogether a different composition, with a dominance of sesquiterpene hydrocarbons (45.5%). The major constituents were αhumulene (29.9%) and β-caryophyllene (11.1%). Epi-αcadinol (5.8%) was the major oxygenated sesquiterpinoid. The major oxygenated monoterpenes (43.5%) were piperetenone oxide (24.4%), bornyl acetate (8.2%) and terpin-4-ol (6.4%). M. spicata oil of Tanakpur (IV) contained a relatively higher amount of piperetenone oxide (79.2%), followed by β-caryophyllene (4.2%) and terpin-4ol (1.8%). The oil composition of plant material collected from Kashipur (V) was similar to that collected from Tanakpur (IV). Piperetenone oxide was the major constituent (60.6%), followed by β-caryophyllene (9.8%) and terpin-4-ol (6.1%).
The accessions VI-IX showed the presence of almost similar compounds with carvone (64.0%-68.5%), limonene (8.4%-14.0%), terpin-4-ol (1.6%-7.0%) and β-caryophyllene (0.4%-3.2%) as major constituents. The remarkable feature was that the collections with a maximum amount of piperetenone oxide possess carvone in trace amounts and vice-versa, except for collection III, which did not possess carvone, but was characterized by αhumulene (29.9%) and β-caryophyllene (11.1%) as major constituents. The detailed composition of all oils from ten collection sites and their chemical relationship was examined by cluster analysis using BD-Pro software, as illustrated in Figure 1 . The Bray-Curtius percentage, selected as a measure of similarity and simple average, was used as the basis of cluster analysis. Earlier, on the basis of chemotaxonomic studies, M. spicata has been classified into carvone [6] , piperetenone oxide [16] , linalool [17] , menthone/isomenthone [18] , dihydrocarvone [19] and menthyl acetate types [20] , but in the present study we could find only the carvone and piperetenone oxide types, along with two mixed populations (collections I and II), which contain both carvone and piperetenone oxide as the major compounds. This may be possible due to the hybrid nature of the plant.
The essential oils of all ten collections were tested for their reducing power activity. The presence of reductants (antioxidant) in the test sample would result in reduction of the ferricynide (Fe 3+ ) complex to ferrous (Fe 2+ ) ions, which can be measured by a UV-Vis spectrophotometer at 700 nm. All the ten tested essential oils of M. spicata possessed reducing power activity. The maximum reducing power were observed in the oil of collection IV, with absorbance at 700 nm (A 700 ) (2.873-4.000 (±0.003-0.000)), comparable with that of the standard BHT, catechin and gallic acid (A 700 =4.000±0.000), and collection IX (A 700 =1.653-2.524 (±0.001-0.001)). The essential oils from collection site III (A 700 =0.764-1.272 (±0.005-0.002)), V (A 700 =0.490-1.263 (±0.001-0.002)), VI (A 700 =0.763-1.007 (±0.001-0.001)), VIII (A 700 =1.085-1.433 (±0.004-0.002)) and X (A 700 =1.124-1.303 (±0.001-0.001)) showed significant variation in their reducing power activity, in a dose dependant manner, but lower than that of BHT, gallic acid and catechin. Minimum reducing power activity was observed in collections I (A 700 =0.284-0.312 (±0.002-0.001)) and II (A 700 =0.327-0.394 (±0.001-0.003)).
The reducing power of the oils might be the result of their hydrogen donating ability, which is generally associated with the presence of a reductant in the oil [22] [23] [24] .
The DPPH radical scavenging activity of all ten essential oils was also tested at selected dose levels. The essential oil from collection sites VII and III exhibited maximum scavenging activity (95.5±2.6 % and 94.9±0.3%, respectively) at a concentration of 20 µL of oil. There was a sharp increase in scavenging activity when the amount of oil increased from 15 µL to 20 µL (61.1±0.3 to 95.5±2.6 %). With the increase in the amount of essential oil, an increase in scavenging activity was also observed for all the oils. Collection III showed better scavenging activity (94.9±0.31%) than the others at 20 µL and had a minimum scavenging activity at 5 µL (49.9±0.2%). All these oils showed variation in their antioxidant potential and it is known that most natural antioxidants often show activity by synergistic effects of constituents to produce a broad spectrum of anti-oxidative activity that create an effective defense system against free radical attack [25] [26] [27] [28] . Therefore, we assume that the observed variation in antioxidant potential is related to differences in chemical composition and concentration levels. These oils could be used as natural antioxidants in place of synthetic compounds.
Chelating activity on Fe +2 by M. spicata essential oil in MeOH/H 2 O was tested using various amounts of essential oils (5, 10, 15 and 20 µL) in the presence of FeCl 2 and ferrozine. The chelating activity was maximum in the oil from collection site V (63.2±0.7%), followed by collection II (61.6±0.4%) and I (60.7±0.03%). Some of the essential oils showed higher chelating activity than EDTA at 0.01 mM and citric acid at 0.025 M (52.1±0.1% and 47.4±0.04%, respectively). The essential oils from collection sites V, I and II exhibited higher chelating activity than EDTA and citric acid. Among the transition metals, iron is known as the most important lipid oxidation pro-oxidant due to its high reactivity. The ferrous state of iron accelerates lipid oxidation by breaking down hydrogen and lipid peroxide to reactive free radicals, like the Fenton type reaction. Fe +3 ions produce radicals from peroxides, although the rate is tenfold less than that of Fe +2 [29] . Ferrozine, a chelating reagent, was used to indicate the presence of a chelator in the reaction system. Ferrozine forms a complex with free Fe +3 , but not with Fe +2 . In the presence of chelating agents, the complex formation between ferrous and ferrozine is disturbed, resulting in the essential oils from collection sites I and II decreasing the color of the complex. Measurement of color reduction therefore allows the estimation of the metal chelating activity of the coexisting chelator [30] . Our results showed that M. spicata essential oil collected from different ecological niches exhibit moderate to good Fe +2 chelating activity and could thus function as a Fe +2 chelator. These oils may either directly bind to the metal ions or indirectly suppress their chelating activity by occupying their coordinate sites [31] .
Potato [Solanum tuberosum L. (Solanaceae)] is one of the most important agricultural cash crops, but the long term storage of potatoes requires effective sprout inhibition. Sprouting in potatoes causes increases in weight loss, reduced tuber quality, and impedes the air passage through the potato pile, which ultimately causes potato malformation and makes them unacceptable for marketing. The primary method to control sprouting for the long term storage of potatoes is the post harvest application of Compounds *  LRI  I  II  III  IV  V  VI  VII  VIII  IX 1376 Natural Product Communications Vol. 6 (9) 2011
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Chauhan et al. isopropyl-N-3-chlorophenyl carbamate (chlorpropham; CIPC). CIPC suppresses sprout development by interfering with cell division. However, the Environmental Protection Agency (EPA) mandate as per the requirements of the Food Quality Protection Act (FQPA) of 1996 resulted in a reduction in the permissible CIPC residue on fresh potatoes in the United States to between 50-30 ppm. This coincides with restrictions for the use of CIPC in other parts of the World. Furthermore, the application of commercial formulations of CIPC requires specialized equipments as well as skilled technicians [32] . The alternative sprout suppressants to CIPC are several essential oils, including clove oil, peppermint oil and caraway seed oil or their components (for example,1,8 cineole, carvone and eugenol) [32,33a,33b] . Essential oils are recognized as safe allelopathic compounds and even in low concentration they may influence growth inhibition [34a] . The volatile constituents of the essential oil act as phytotoxic agents in the gaseous phase to the emerged potato tuber sprouts [34b].
In the present study, the sprout suppressant activity was investigated of two chemo variants of M. spicata [carvone and piperetenone oxide rich essential oils from Champawat (VII) and Tanakpur (IV)]. Germination was retarded by all the tested concentrations and, after seven days, the final sprouting percentage and weight loss produced by the most concentrated oil was significantly reduced, in a dose dependant manner, by both oils in comparison with the control As the major constituents in collection VII were carvone (68.5%) and limonene (14.0%), and in collection IV piperetenone oxide (79.2%),these compounds could be responsible for the sprout suppression in potato tuber. The standard in the present study was CIPC and iodine, which was responsible for maximum sprout inhibition. Oil isolation: The fresh aerial parts (2 kg) of each accession were subjected to steam distillation using a copper electric still, fitted with spiral glass condensers. The distillates were saturated with NaCl and extracted with n-hexane and dichloromethane. The organic phase was dried over anhydrous Na 2 SO 4 and the solvent was removed by distillation in a rotary vacuum evaporator at 30°C. 
GC and GC-MS analysis:

Identification of constituents:
Identification was achieved on the basis of Linear Retention Index [LRI, determined with reference to a homologous series of n-alkanes (C 8 -C 24 , Polyscience Corp., Niles IL)] under identical experimental conditions, co-injection with standards (Sigma), MS Library search (NIST and WILEY), by comparison with MS literature data [35a] and from IR and NMR ( 1 H and 13 C NMR) spectra of the major isolates. The relative amounts of individual components were calculated based on GC peak area (FID response) without using a correction factor.
Cluster analysis:
The percentage compositions of the essential oils were used for cluster analysis using BD-Pro software to determine the chemical relationship between the different accessions of M. spicata. Bray-Curtius percentage was selected as the measure of similarity, and the simple average method was used as the basis of cluster analysis [35b].
Essential oil of Mentha spicata Natural Product Communications Vol. 6 (9) 2011 1377 Antioxidant activity: Antioxidant potential of the essential oils was evaluated in terms of 2,2'-diphenyl-1picrylhydrazyl (DPPH) radical scavenging ability, the effect on the chelating activity on Fe +2 , and the reducing power in comparison with synthetic and natural antioxidants. Butylated hydroxyl toluene (BHT) was taken as the synthetic, and catechin and gallic acid as the natural antioxidants. BHT, gallic acid, catechin, linoleic acid, potassium ferricynide (K 3 FeCN 6 ), ferrous chloride, ferric chloride , trichloroacetic acid (TCA), DPPH, methanol, and ferrozine used in the antioxidant activity tests were procured from Sigma & Aldrich and Merck.
Reducing power activity:
The reducing power of the essential oils was determined by the method reported earlier [36a,b] . Different amount of essential oils (5 µL, 10 µL, 15 µL and 20 µL) were mixed with 2.5 mL of phosphate buffer (200 mM, pH 6.6) and 2.5 mL of 1% potassium ferricynide (K 3 [FeCN 6 ]). The mixtures were incubated at 50°C for 10 min. After incubation, 2.5 mL of 10% trichloroacetic acid was added to the mixtures, followed by centrifugation at 650 rpm for 10 min. The upper layer (5 mL) was mixed with 5 mL of distilled water and 1 mL of 0.1% ferric chloride and then the absorbance of the resultant solution was measured at 710 nm using an UV-Vis spectrophotometer. The control and standard were subjected to the same procedure except for the control, where there was no addition of the sample, and the standard 5 µL, 10 µL, 15 µL and 20 µL of sample were replaced by 5 mg, 10 mg, 15 mg and 20 mg of BHT, catechin and gallic acid.
DPPH radical scavenging activity:
The scavenging effect on the DPPH radical was determined using standard methods [37a] . Various amounts of essential oils (5 µL, 10 µL, 15 µL and 20 µL) were mixed with 5 mL of 0.004% methanolic solution of DPPH. Each mixture was placed for 30 min. in the dark and the absorbance of the samples was recorded at 517 nm using an UV-Vis spectrophotometer (Visiscan-167, India). The control and standard were subjected to the same procedure, except for the control, where there was no addition of the sample and the standard 5 µL, 10 µL, 15 µL and 20 µL of the sample were replaced by 5 mg, 10 mg, 15 mg and 20 mg of BHT, catechin and gallic acid. A lower absorbance indicates higher radical scavenging power. The percentage (%) radical scavenging activity was determined as: DPPH radical scavenging activity (%) = [1-(A s /A c ) × 100 (where A s is the absorbance of the sample at 517 nm and A c is the absorbance of the control at 517 nm).
Effect on the chelating activity of Fe 2+ :
The chelating activity of the essential oils on ferrous ions (Fe 2+ ) was measured by a method reported earlier [37b]. Different amounts of essential oils (5 µL, 10 µL, 15 µL and 20 µL) were first mixed in 1mL of methanol. Then mixtures were left for reaction with ferrous chloride (2 mM, 0.1mL) and ferrozine (5 mM, 0.2 mL) for 10 min at room temperature and the absorbance was measured at 562 nm in an UV-Vis spectrophotometer. A lower absorbance indicates a higher chelating power. The chelating activity on Fe 2+ of the oil was compared with that of EDTA (0.01 mM) and citric acid (0.025 M), and the percentage chelating activity (%) was calculated: chelating activity (%) = [1-(A s /A c )] × 100 (where A s is the absorbance of the sample at 562 nm and A c is the absorbance of the control at 562 nm).
Fumigation activity of essential oils on sprouting of potato (Solanum tuberosum):
Potato sprout growth inhibition activity by the fumigation of essential oils was performed according to the method reported earlier [37c]. One hundred g (10-15 tubers/treatment) was taken in clay pots under air tight conditions. Various amounts of essential oils (100 μL, 200 μL and 300 μL, in triplicate) in glass vials without a lid were placed inside the clay pots for fumigation. Sprout growth during the experiment was the primary measured effect. Fumigation of the test essential oil was allowed to the tubers as vapor for 5 weeks (35 days) at room temperature (35°C) and the sprouting growth inhibition activity was monitored after seven days by counting the number of sprouts and weight loss of the tubers per clay pot. Chlorpropham (CIPC/ isopropyl-Nchlorophenyl carbamate), a synthetic sprout inhibitor, and iodine were used as the standard, and the clay pot without essential oil was used as control.
